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PEEFACE. 



The following Hat of Physical Memoirs is intended to 
serve as a guide to the student or teacher irishing to 
acquire a general knowledge of certain branches of Physics. 
The limitation of number thus imposed makes the choice 
in many cases somewhat arbitrary; but it is hoped that 
the five hundred chosen include most of the work of 
permanent value in the section of Physics considered, and 
may serve also as a basis of reference to those who wish 
to specialize on a particular subject. Preponderance has 
been given to ret^nt papers, as it is less easy to get 
references to them. The Journals have been consulted 
down to the end of Ifi92. 

The subject dealt with is ' Physik der Materie,' as 

opposed to Physics of the Ether, — that is Heat, Elasticity, 

Sound, &c. Papers of a purely mathematical character, on 

dynamics, elasticity, waves ; of a physiographical character ; 

a2 



281669 ^ , 



and papers on the allied subjects — Radiation, Chemical 
Physics, Crystallography, are only mentioned ia a few 
cases of exceptional importance. 

Such a compilation necessarily lays itself open on all sides 
to charges of omission and of bad judgment from those 
who are better acquainted with each branch ; the Author 
can only hope that any using thia pamphlet will send him 
such corrections and suggestions as may occur to tliem. 



■ P.S. The principal memoirs published in 1893 have been 
inserted during the printing. 
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EXPLANATION OF REFERENCES. 



Of the numbers following the Dame of a journal, that in darker 
type indicates the number of the volume ; the two following, the 
firat and l&st pages ; aft«r that, in hrackets, the year. When a 
number in brackets precedes the volume number, it refers to the 
series. The memoirs quoted are ner«rly all in their original form : 
reprints and translatioua are so noted : abstracts (such as those in 
the Beibliitter to 'Wiedemann's Annalisn' and the 'Fortschritte 
der Phjsik *) are often of use ; but as they can readily be found 
from the author's name and date of the paper in question, they 
are not given here, except in one or two cases where the original 
is not in English, French, or German. 

The JouiTials quoted from are given in the list below. In 
addition are a few spei'ial reports (e. g. those of the ' Challenger ' 
EspeditioD, of the Bureau International des Poids et MoaureM) 
and books. 

Ann. Chim. Phyg. Annales de Chimie et de Physique. Paris : 

6. Masson. Svo. Three volumes yearly, in niouthly numbers ; 

the present is the sixth series, begun in 1884. Each aeries 

usually lasts ten years. 
Ann. Sci. d^ VEcoU Norm. Annales Scientifiques de I'^cole 

Norniale Superieure, publiees sous les auspices du Ministre de 

riustruetion Publique par un coniite de redaction. Paris : 

Gauthier-Villara. 4to. 
Arck.deGenive. Biblioth^ue UniverselleetEevue Suisse. Archives 

des sciences physiques etnaturelles. Jjausanne: Bridel. 8vo. 
Arek. Keerland. Archives N^rlandaises des sciences exactes et 

naturelles, public par la Societe Hollandaise des Sciences h, 

Harleu). Ha'<rleti) ; les h^ritiers Loosjes. Svo. 
Bi.ibl. Beibltttter zu den Annalen der Physifc und Cbemie. 

Leipzig: Barth. Svo. One volume yearly, in monthly parts ; 

commenced with the new series of the Annalen, in 1877. 
Btr, Berichte der Deutschen chemischen Gesellschoft. Berlin : 

Friedlander und Sohn. Svo. 
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Till EXPLiNAIlON OF 

Berl. Sitzber. Sif zungabericbte der Konigl. Preusaiaehen Akademie 

der "WiHsenschat'ten an Berlin. Berlin : Georg Eeimer. 

Lex. Svo, One volume yearly, in parts. Called Monafcs- 

beriehte previous to 1882. 
BuU. Ac. Bdg. Aeademie Eoyale de Belgiqiie. Bulletins des 

aeances de la classe des sciences, Bruxelles : F. Hayez, 8vo. 

Two volumes yearly, in parts. 
C, E. Gomptes Hendiia hebdoinadaires des seances de TAcadeiiiie 

dee Suieiices. Paria : GHiithier-Villare. 4to. Two volumes 

yearly, in weekly parts ; lolumes for 1892 are 114 and 115. 
J. 0. S. The Journal of the Chemical Society of London, London : 

Gumey and Jackson. Two volumes yearly, numbered con- 
secutively, one of transactions and one of abstracts, 
J. de Phys, Journal de Phyaique theorique et appliqufe, fonde 

par J. Ch. d' Almeida. Paris: au Bureau du J. de Phya, 

8vo. One volume yearly, in monthly parts. The present 

is the third series, begun in 1892; each series lasts ten 

years. 
J. f. Prakt. Chem. Journal fiir praktische Chemie ; neue Folge 

hrsg. von Ernst von Meyer, gegriindet von 0. L. Erdniann. 

Leipzig : Earth. 8vo. 
Leips. Ber. Berichte iiber die Verhandlungen der Koniglich 

Sachsischen Gfsellpchaft der Wissensc-hatten zu Leipzig. 

Mathematisch-physikalische Claese. Leipzig: Hirzel. 8vo. 
Lwb. Liebig's Annalen der Chemie. 8vo. Three vols, a year. 
Mem. de BeUj. Memoires de I'Academie Eoyale de Belgique. 

Bruselles: F. Hayez. 4to. 
Mhn. de Paris. Memoires de I'Acadcmie des Sciences de I'lnatitut 

de Trance. Paris. 4to. 
Mem. Sav. Strang. Memoires prcsent^s pur divers Savants a 

I'Acadcmie des Sciences de llnstttut de Fran<e, et imprimcs 

par aon ordre. Paris, 4to. 
Nature. Nature : a weekly illustrated ioumal of science. London 

and New York : Maemillan and Co. Volumes begin in May 

and November. 
Ostm. Zeitschrift fiir physikalische Chemie. HrsR. v. W. Ostwuld 
und J. H, van't Hoff. Leipzig: Eiigelmann. One vol, 

yearly, in 12 parts. 
Pfizer Archiv. Archiv fiir die gesaniiute Phvsiologie, Ilrsg. 

von E. F. W. PftHijer. Bonn : Blrauss. 
Phil. Mag. Philosophical Magazine and journal of science. 
London: Taylor and Francis. 8io, Two volumes yearly, 
in monthly parts. The present is the fifth series, the volumes 
for 1892 being 3a and a4. 
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bilplanahon or befeeekcbs. is 

Phil. Trans. Philosophical Transaetiona of the Royal Society of 
Ziondon. London, ^to. One volume a year. The volume 
for 1892 is No. 183 ; but an extra volume is inserted between 
1877 and 1878, altering the numbering. The earlier volumes 
are divided into numbered parts, but as thesR are paged con- 
secutively they are not nieutioned below. The later volumes 
are divided into A and B ; all the physical papers will be 
found in part A. 

Pofftf. See "Wied. 

I'roe. Amer. Acad, Proceedings of the American Academy of 
Sciences and Arts. Boston. One yolume a year. 

Proe. S. S. Proceedings of the Eoyal Society of London. London : 
Harrison and Sons. 8vo. Two volumes a year, in numbers, 

Itep. Brit. Asg. Keport of the meeting of the British Association 
for the Advancement of Science. London : John Murray. 
8vo. Bears the date and place of meeting, but published the 
year after. 

liep. d. Phys. Eepertorium der Phjsik. Hrsg, von F, Ea-iur. 
Miinehen : Oldenhourg. Lex. bvo. One volume yearly, in 
monthly parts. Formerly edited by Carl. 

Sill. The American Journal of Science. Editors, J. D. and E. S. 
Dana and B. Silliman. Kew Haven, Conn. : J, E. and 
E. S. Dana. Two volumes yearly, in monthly part^. The 
present is the third series, the volumes for 1892 being 43 
and 44, 



Trans. S. S. E. Transactions of the Royal Society of Edinburgh. 
Edinb. 4to. 

Wied. Annalen d. Fhysik und Chemie. Unter Mitwiriuog der 
Physikalischen Gesellscbaft zu Berlin, und insbesondere des 
Herrn H. von Helmholtz, brsg. von G-. und E. Wiedemann. 
Leipzigi J.A.Bartb. 8vo. Three volumes yearly, in monthly 
parts; nith oae volume of ' Beiblntter ' (q. v.). The present 
series began in 1877, the volumes for 1 8;J2 being 45, 46, 47. 
The preceding series was edited by J. Pogge^idorff, and is 
quoted as Po(ig. 

Wien.Ber, Sitzungsberiehfe der mafhematisch-naturwissenschaft- 
lichen Classe der Kaiserlichen Akademie der Wissenschaften. 
Wien : C, Gerold's Sohn. One volume yearly, in parts 
(previous to 1889 two vols.). Divided into sections 1., ILa, 
11.6, III., the physical papers being in U. a (formerly in threa 
sections, physical papers in section II.), 

Zs. f. IntlrumtnlenJc. Zeitsi-hrif t f iir Inst rumen tenkunde. BerUn : 
J. Springer. One \olume yearly. 
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CHIEF MEMOIRS 



PHYSICS OF MATTEK. 



GENERAL PHYSICS. 

A. Dynamical Principles. 

Fuc a diBCuesioti on the sl&tement of tlie dynamical ]a,ws, see 
ThomsoD and Tait's ' Natural Pliilosopliy,' lol. i. ch. 2, and 

1. Mach, E. ' Die Mechanik in ihrer EntwJckelung.' Leipzig, 

1883. (Translated by T. J. McCormauk. Chitago 
and London, 1893.) 

2. Stbeiktk, H. ' Pie phvaikalistheo GraDdiagen der Mechanik.' 

Leipzig, 1883. 

3. Thombon, J. Proc. E. S. E. 12. 568-578, 730-742 (84). 

4. Tait, p. a. Proc. E. S. E. 12. 743-745 (84). 

5. Laboe, L. Leips. Ber. 37. 333-351 (85). 

6. Mdirhead, E. F. Phil. Mag. (5) 23. 473-489 (87). 

7. Lodge, O. Phil. Mag. (5) 19. 482-487 (83). " Identity " 

of energy. 
Also a lesB controversial paper by 

8. WiEB, W. Wied. «. 686-728 (93). Mathematical treats 

nient of the locahsalion of energy: applii'Stiou to 
hydrodynamics, elasticity, and electricir^: relation 
to the law of entrujiy. 
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Spmu other papers oE general dynaniicBl interest are : — 

9. TuoMsos, Sir W. Phil. Mag. (5) 32. 375-382, 555-560 (9^). 
Periodic motion of a conservative system : general 
considerations of stability. 

10. Kbltin, Lord. Phil. Mag. (5) 33. 291-299 (92). Dissipation 

of energy iq the light of the KineHc theory, 

11. Natanson, L. Phil. Mag. (5) 34. 51-54 (92). Eemarts on 

the preceding. 
Also 

12. Maxwfll. Phi!. Mag. (4)40. 421-427 (70); or Collected 

Papers, vol. ii. p. 233. On hills and dales. Geo- 
metry of contour-lines ; maxima and n ' ' 



B. Dynamical Explanation of the Second La.w of 
Thenno dynami cs . 

13. Boi.TZMAif». Wieii. Ber. 53. 195-220 (66). 

1 4. . Wien. Ber. 63. 712-732 (7J). 

15. . Poeg- 143. 211-230 (71). Note on his own and 

Clausius' papers. 

16. Clausixtb. Pogg. 141. 124-130 (70). Theorem of the virial.' 
Application of the above 

18. . Pogg. 144. 265-274 (71). Eeply to Boltzmann. 

19. . Pogg. 146. 585-591 (72). Remarks on Szily's paper. 

20. . Pogg. 160. 106-130 (73). Further observations. 

21. LoscHMiDT. Wien. Ber. 59. 395-406 (69). 

22. SziLE. Pogg. 145. 295-302 (72). 

23. . Pogg. 149. 74-86 (73). 

24. GttiNWiB. Arch. Neerl. 19. 461-478 (84). Extensiou of 

the virial theorem. 

25. Helmholtz, H. -von. Berl. Sitz. 1884, pp. 159-177. 311- 

318. Theory of monocyclic systems: systematic 
development. 

26. BoLTZMABH. Wien. Ber. 90. 231-245 (S5). Elucidation of 



. Poincab£. C. E. 108. 560-553 (89). Contends that Helm- 
holtz's reiiBOning is not applicable to irreversible 



28. Labmob & Betan. Bep. Brit. As^. 1891, pp. 85-122. 
Critical review of the present state of the question. 
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29. Thouhon, J. J. 'Applications of Dynamics to Pliyaics.' 
London, 1888 : Macmillan. Contains a novel treat- 
ment of the question, first given in Phil. Trana. 176. 
307-342 (^5); 178. 471-526 {87). 



C. Theory of DimenBiona. 

30. Maxwell. Proc. Lond. Math. 3oc. 3. 2:34-239 {71); or 

Collected Papers, vol. ii. p. 2.78. Mathematical 
clasaiGcation of physical qiianticies. 

31. BtTBDE. Wied. 20. 161-166 (,83). Heduetion to one funda- 

mental unit by the use of electro mag rietic constants. 
33. EiJCKBE. Phil. Mag. (5) 27. 104-114 (5S). On "suppressed" 
dimensions. 

33. Williams, W. Phil. Mag. (5) 3i. 234-271 {92). Helation 

of dimensions of physical quantities to directions in 

34. Abbaham, II. J. de Phys. (3) 1. 516-526 {93). On the 

varying dimensions of ths same unit. With a very 
full bibliography of the subject. 



On the theory of measurements, seo Thomson and Tait's ' Natural 
Philosophy,' vol, i. ch. 4. A few papers of interest are : — 

35. Mac£ bb L'Bpwat. Ann. Chim. Phys. {6} 10. 88-84, 170- 

199 {86). Measurement of lengths in wave-lengths 
by means of Talbot's bands. Determination of the 
size and density of a piece of quarts. 

36. LiPFMANN. C. R. 104. 1070-1074 {87). On an electrical 

time- unit. 

37. MiCKBiaoH & MoBLBT. 8111.(3)38. 181-186 (^i*). On the 

practical use of the wave-length as a unit. 
37 a. M1OHBL8ON, A. A. C.a. 116. 790-794 {93), Preliminary 
notice on a comparison of the metre and the wave- 
length of cadmium. 
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SPECIAL PHYSICS. Molar Theory. 

GRAVITATION. 

E. TheoTT of GraTitation. 

38. IsKVEBAHE. 'DieBathselderSchwerkraft.' Braunschweig, 

1879: Vieweg. 

39, Odstbcil, J. Wien. Bet. 89. 485^90 (5^). GraTJtation 

viewed as transmission of energy throi^h the ether. 

F. Heasoremeat of Const&nt. 

By torsion- 

41. Ebich. C. E. 5. 697-700 (37). 

42. Bail?. Phil. Mag. (3) 21. 111-121 (^). 

43. AiEX. Phil. TninB. 146. 297-357 (56). By variation of 

"(/ " in interior of earth. 

44. CoBjfiT & Baillh. C. E. 76. 954 (73). 

45. . C. E. 86. 571-574, 699-702, 1001-1004 (78). 

4fl. JotLr. Wied. 6. 112-134 (73). By common balance. 

47. . "Wied. 14. 331-355 (8J). By common balance. 

48. PoTKTiNu. Phil. Trana. 182. 565-656 (SI). By common 

balance. 

49. WiLsiHo, J. Publjk&t. d, Astrophys. Observ. na Potsdam. 

6. 35-127 (87) ; 6. 133-191 (S9). (Publisbed sepa- 
rat«ly by Engelmann, Leipzig.) Betermioation of 
gravitation constant by pendnlum. 
49 a. Bekqet, A. C. E. 116. 1501-1503 (93). Measurements 
with a niercnry-column differential gravimeter. 
Determination of constant by attraction of a lake. 

Q. MeasTirement of Terrestrial Gravity. 

50. v. Oppolzkb, Zs. fiir Instrunientenkiinde, 4. 303-31fi, 

379-387 (84). Report on present state of the 
subject (from the Generalber. d. Europaischen 
Grndtnessung). 

51. Daewin, G. H. & H. Eep. Brit. Ass. 1881, pp. 93-128. 

Instrument for measuring small variations in direc- 
tion of gravity. 
62. Thomson, W. Proc. E. S. E. 13. 683-656 (87). Spring- 
balance to 
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K. Thermometry. 

The exact use of mercury thermometera nnd their compnrisoii 
with the air and hydrogen thermometers has been tlie subject of 
much study o£ late years. The best work is contMiwd in the 
'Travaux et Memoires du Bureau International des Poids et 
Meaures,' vols, 1, 5, 6, and 7. There are useful abstracts ; — 

53. GoiLtAHME. J. de Phya. (2) 6. 228-238 {87). 

54. . J. de Phys. {2) 7. 419-430 (88). 

Similar work has been done by the Normal-Aicbungs- 
Kom mission. 

55. FoKEBTKB, W. Metronomische Beitritge. No. 3. Berlin, 

1881. Includes a comparison with the absolute 

Other papers are — 
66. BowiAKB, H. Proc. Araer. Acad. 15. 75-200 (80). Part of 
a memoir on the mechanii-al equimlent. Includes a 
comparison with the absolute scale. 

57. Eambai & Young. J. C. S. 47. 640-657 (85). Means of 

obtaining constant and known temperatures. 

58. Callendee. Phil. Trans. 178. 161-230 (S7). Use of elec- 

trical resistance thermometers and comparison with 
the air-thermometer, 

59. . Phil. Mag. (5) 32. 104-113 (91). Use of electrical 

resistance thermometers and comparison with the 

air-thermometer. 

Comparisons between the air-thermometer and absolute 

scale are also given in the 'Encyclopiedia Britaunica' (9th 

edit.), "Heat "(Lord Kelvin), and in fiuhluiann's ' lieat,' 

vol. i. p. 550. 

60. GuiLLACMK. Arch, de Geneve. 20. 396-i09 (88). Produc- 

tion and measurement of low. temperatures. 

I. Uechanical Eqairalent of Heat. 

Historical interest attaches to the early work on this subject, of 
which the chief : — 

01. Ebmfobd. Phil. Trans, abridged, 18. 278-287 (1798). On 
the heat excited by friction. 

62. M*TEE, J. E. Lieb. Ann. 42. 233-240 (42) ; or Phil. Mag. 

(4) 24. 371-377 (63) (translation). Eemarks on 
the forces of inorganic nature. 

63. . C. R. 27. 385-387 (48). Note on above. 
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6 k Joule. Phil, Traiia. 140. 61-82 {50). Long the standard 

determination. 
6j. Helmholtz, H. ton. ' Ueber die Erhaltung der Kraft.' 
Berlin, 1847. (Separata publication.) Eeprinti^ 
in his Collected Papers, vol. i. pp. 12-75. 
Eeference should also be made to Claiisius' eoUet-ted 
papers on the Tbeorj o^ Heat, vol. i. 
Of recent detenu i nations the best are 
EowLAND, H. {loe. cit. No. 56), which includes a summary oE 
the earlier work. 
OG. MicULBSCiT. Ann. Chim. Phys. (6) 27.~202-23S (93}. 
Stationary meth'^d : with a long historical intro- 
duelion and full references. 
66 n. Griffiths, H. Phil. Trans. 184. 361-504 (9S). Deter- 
mination by an electrical method. 
An interesting method was used by 
CO 6. Cantosi & G-EE08A. Beibl. 7. 242 {SS). [Abstract from 
Rend. Accad. Lineei.] liise of temperature of 
mercury in falling. 



J. Calorimetry. 

The principal methods used for measuring quantities oE heat and 
the secondary units adopted are described in Begnault's memoirs 
(see Nos. 105, 106) and in -.— 



68. BcNSBN. Pogg. 141. 1-31 (70) ; or Phil. Mag. (4) 41. 161- 

182 {71} (translation). Ice-calorimeter. 

69. HiKN. C. K. 70. 592-604, 831-834 {70). Specific heat of 

70. Jamin & Amauey. C. E. 70. 661-664 {70). Specific heat 

of water. 
EowLAND, H. {Loe. cit. No. 56.) Specific heat of water, 

71. Velten. Wied. 21. 31-64 {8S}. Specific heat of water. 

72. Thomsen, J. 'ThermochemischeUntersuchungen.' Leipzig, 

1882-86. 

73. Bebthelot. Ann. Chim. Phys. (5) S3. 160-176 {SI). 

" Calori metric bomb" for heats of combustion. 

74. Bebthelot & Vieillb. Ann. Chim. Phys. (6) 6. 546-556 

{85). " Calorimetric bomb" for heats of combus- 
tion. 

75. Beethblot & fiEcoPRi. Ann. Chim. Pbys. (6) 13. 289-304 

(88). " Calorimetric bomb " for heats of combustion. 
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77. . Proc. E. S. 47. 218-245 (UO). 

78. CHiPmiB. Ann. Chim. Pbya. (6) 15. 498-517 [88). New 

method for latent heat of evaporation. 

79. Mathiab. Ann. Chim. Phys. (6) 21. 69-144 {90) ; or more 

briefly in J. de Phys. (2) 9. 449-467 (90). New 
method for latent heat of evaporation. 
And for £erthelot'a metliods in general, see hia ' Essai 
de M^nique Chimiqiie,' Vol. i. Paria, 1879. 

K. Oeneral Thflnnodynamic Theory. 

80. Caenot,8, 'EeflexioiisontheMotJvePowerofHeat.' (Transl.) 

London, 1890 : Macmillau. Contains the earliest 
attempt at the theory. The most complete preaen- 
tation of it is in the papers of Olauaius, collected 
nnder the title : — 

81. CLAtTBurs, B, ' Mechanical Theory of Heat.' (Transl. from 

2nd edit, by Browne.) London, 1879. 

(The original edition ia ' Abhandlungen iiber die Mechan- 
iache Warmetheorie.' 2 vols. Braunschweig, 1864-87; 
the revised edition, ' Mechanische WSnnetheorie.' 2 vols. 
Braunschweig,- 1876-79.) 

Other classical papers are : — 

82. JoBLB & Thomsow, W. Phil. Trans. 1853-54-60-62. 

Thermal effects of fluids in motion, 
Beprinted in Sir W, Thomson's papers, vol. i. pp. 333-455. 

83. Thomsoit, W. Trans. E. S. E. vol. 20, Internal enei^ of 

bodies. 
Beprinted in Sir W. Thomson's papers, vol. i. pp. 222-232. 

84. Thomson, J. Trans. E. S. E, 16. 575-580 (49). Change of 

freezing-point by pressure. Theory, 
Beprinted in Sir W, Thomson's papers, vol. i, pp. 156-164, 

85. Thomson, "W. Phil, Mag, (3) 37. 123-127 (49). Change of 

freezing-point by pressure. Experimental verih- 
cation. 
Beprinted in Sir W, Thomson's papers, vol. i. pp. 165-169. 

86. KiECHHOFF, Q. Pogg. 103. 177-206 (38). Internal energy 

of bodies. 

87. Caziit, Ann, Chim. Phys. (4) 14. 374-410 (68). Eiperi- 

menta in support of the theory of condensation and 
expansion of gases, 

88. T. D. Waals. ' On the Continuity of the Liquid and Ghiseous 

States : ' translated under the direction of the Physical 
Society. London, 1890, [Original Dutch edition, 
1873,] 
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89. Him. Add. Chira. Phys. (4) 10. 32-92 (67). 1 

80. . Ann. Chim. Phya. (4) 11. 5-112 (67). ) 

Memoir on theriDodyiiamicB. First part experimental, 

on specific he&t and rolume of water. Second part, 

theoretical deductions. 

91. LiPPKAinr. J. de Phya. (2) 3. 5S-67, 277-283 (5^). Expla- 

nation of absolute temperature, after Thomson ; and 
development of a general formula, for measuring it. 
Macb information is given also in treatises, especially 
those of Verdet, Zeuner, Him, and Siihlmann, not obtain- 
able elsewhere. 

The most convenient presentation of the laws of thermo' 
dynamics for use in particular cases has occupied the 
attention of several writers. Various methods are given 
by:- 

92. TH0M80ir,W. PhU. Mag. (5) 7. 348-352 (rS). On thermo- 

dynamic motivity. 
Beprinted in Sir W. Thomson's papers, vol. i. pp. 456-459, 
fi3. Mabbieu.F. C.R.69.858-862,1067-1061(ra). Character 
istic functions of thermodynamics. Or more fully 
in M^m. Sav. strangers, vol. 28. {76), 92 pp. 

94. GiBBB, J. WiLiABB. Trans. Connecticut Acad. 3. 108-248, 

343-524 {75-76). Equilibrium of heter<^neous 
substances. 

95. TOtr Hblmholtz, H. Berl. Sitzber. 1882, 22-39. Thermo- 

dynamics of chemical processes. 

96. Gout. J. de Phys. (2) 8. 501-518 {89). Available enei^. 

97. DuHLU. Ann. 8ci. de I'tcole Norm. (3) 8. 231-286 {91). 

General equations of thermodynamics. 
97(1. Natahbok, L. Ostw. 10. 733-747 {92). On the thermo- 
dynamic potential systematically treated. 

Among recent papers oE interest may be mentioned : — 

98. NEtTMABN, C. Leipz. Ber. (Math.-Phys. CI.) 43. 75-156 {91). 

Brrar in the customsiy formulation of the second 
law of thermodynamics. 

99. Natakson, L. Wied. 42. 178-185 {91). Eemarta on the 

expression of the two laws. 
100. WiEDBMAKM, E. Wied. 38. 485-487 {89). Expression of 
the second law in harmony with luminescence phe- 



101. BuDDB, E. Wied. 45. 751-758 {91). More exact treatment 

of temperature, as integradiig divisor. 

102. ErTTEE, A. Wied. 37. 44-68, 633-646 {89); 40. 356-369 

{90). Detailed calculation of the efEects of adiabatic 
compression of air : novel. 
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103. Gotrr. C. B. 116. 720-722 (pS). Effect of gravity on fluids 

at the critical point. 

104. Eamsay & ToiTNG. Phil. Tr»Q3. 175. 37-48, 481-478 (84). 

Experiments on the vapaur- press ore of solids and 
liquids at the same temperature. 
104o. Laae, J. J. TAX. Ostw. 11. 721-736 (93). Useful col- 
lection of relations between thermal quantities at 
the critical point. 

L. Tbermo^aamica of Flnids at rest Experimental data. 
Begnanlt'a work has long been the standard of reference: it 
will be well to collect here the titles of his principal memoirs. 

105. BESHADi/r. Mem. de Paris, 21. (47). 

1-13. Introduction. 

15-120. Expansion of gases. 

121-162. Absolute density of gases. 

163-270. Thermometry; especially gas- thermometers. 

271-328. Expansion of mercury. 

329-428. Deviation from Boyle's law. 

42d-464. Compressibility of liquids. 

465-633. Saturation-pressure of water- vapour. 

■635-728. Heat of vaporisation of water. 

729-748. Specific heat of liquid water. 

106. . M^m. de Paris, 26. (62). 

3-41. - Historical introduction. 
42-228. Specific heat of gas and vapours. 
229-296. Data required for above — compressibility of 

gases, specific heat of liquids, &c. 
297-333. Conclusions. 
335-760. Saturation-pressure of vapours in vacuo and 

in air, and of mixed vapours. 
761-915. Heat of vaporisation of liquids. 

107. . M^m. de Paris, 37. 579-959 (68). Expansion of 

gases. Heat absorbed in discharge from reservoir 
under pressure, through capillary tubes, &c. : heat 
evolved in compression. Deduction of the specific 
heat at constant volume. 
A useful summary of more recent work is given by 

108. Maim, P. T. Bep.Brit. Abs.1886, 100-140; 1888,465-502. 

M. Belationa between Tempsratore, Pressure, and Tolnme : 
Qeneral. 

109. AifDBBWB. PhU. Trans. 169. 575-590 (69). \ 

110. . Phil. Trans. 166. 421^49 (76). J 

On carbon dioxide : the work that led to the discovery of 
the critical point. 

111. . Phil. Trana. 178. 45-56 (87). Mixtures of gases. 
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. E4MSAX & Totma. Phil. Trens. 177. 71-122 (36). 

. . Phil. Trani. 177. 123-156 (56). 

. . Phil. Trans. 178. 57-94 (87). 

. . J. C. a. 49. 790-812 {86). 

. . Phil. O^ns. 178. 313-335 (87). 

. . J. C. S. 51. 755-757 (87). 

;. . Phil. Trana. 180. 137-158 (59). 

Series of papere on evapomtdon and dissociation. Partsi., 
ii., iii., iv., v., vii., viii. Fart vi. is theoreticaJ. The most 
interesting sections are in Part i., on dissociable bodies, 
- and Part iii., description of apparatus. 

. . Phil. Trans. 183. 107-130 (92). On water: 

same methods as above. 
. Amagat. Ann. Chim. Phys. (4) 29. 246-285 (7S). S&mme 
of work on compresBibility of fluids. 
Ann. Chim. Phys. (5) 8. 270-278 (76). Compressi- 
bility at low pressures. 
Ann. Chim. Phys. (5) 11. S20-549 (77). 

bility of liquids. 
Ann. Chim. Phys. (6) 19. 345-385 (80). 

biiity of gases at high pressures. 
Ann. Chim. Phys. (5) 32. 353-398 (81). 

bility of gases at high presaun 
Ann. Chim. Phys. (5) 28. 456^64 (8S). 
bility of gases. 
Ann. Chim. Phys. (5) 28. 464-480 (SS). Compressi- 
bility of carbon dioiide. 
Ann. Chim. Phys. (5) 28. 480-499 (83). Compressi- 
bility of mixtures of air and carbon dioxide. 
J. de Phys. (3) 1. 288-297 (9M). Improved method 
for volume of saturated liquids and vapours, with 
results for carbon dioxide. 
Ann. Chim. Phys. (6) 29. 68-136, 505-574 (95). 
Collected results on fluids, particularly wat«r. 
Methods, observations, and deductions. 
. Weobutobki. Wien. Ber. 97. 1321-1379 (89). Study of 
hydrogen over large range of temperature and 
pressure. Deduction of critical point : discussion 
of corresponding temperatures. Posthumous and 
incomplete. 
. Babub, C. Phil. Mag. (5) 30. 338-361 (90). Isometrics of 

ether, alcohol, &c. 
a. Battelli, L. Beibl. 17. 318-320 (95). Thermal pro- 

Serties of water: summary of results. [Abstract 
rom Mem. Accad. Turin.] 
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N. Density at H^h PreBsnxeB. 

132. GEiBai. Ann. Chim. Phys. (3) 31. 437-489 {51). ClasMcal 

reeearch on ooinpresaibility of liquids. 

133. Tait. 'Challenger' Eeports. Physics and Chemistry, vol. ii. 

part iv., 76 pp. (Abstracts in Proc. B. S. E. vols. 12 
& 13.) On ttw compresBibility of water. 

O. Density at Low FressunB. 

134. SiUESTBoM. Pogg. 161. 451-482, 573-603 {74). Boyle's 

law for pressures below one atmosphere. 

136. MBHDBtfcBF. Ber. 7. 1339-1344 {74). Boyle's law for pres- 
sures below one atmosphere. (Abstract, with ref. 
to Bussian original.) 

136. DiETKBioi:. Wied. 38- 1-26 {89). Density of water-vapour 
at 0° measured by Bunseu's calorimeter : novel. 

P. Vaponr-preBBtire and Density. 

Much attention has been giveo lately to improving methods 
and to study of bodies with abnormal vapour-densitiea. We may 



137. Mbtbe, v., & GoiJ)3CHUiDT. Ber. Ifi. 1161-1164 (52). 

138. Mktsb, v., & Lahgeb. < Fyrochemische Untersuchungen.' 

Brannachweig, 1885. 73 pp. 

139. NiLBOH & Pbttebsos. J.furPrakt.Chem.33. 1-17(S6); or 

Ann. Chim. Phys. (8) 9. 554-574 {86). 

140. Bii/rz. Ber. 21. 2013-2017, 2772-2776 {SS). Density of 

sulphur- vapour. 

141. Metbb, V. Ber. 31. 2018-2019 {88). Density of sulphur- 

vapour. 
142." Mbtee, v., & DBMtnm. Ber. 23. 311-316 {90). Method 
for vapour-densities at temperatures below the 
boiling-point. 

143. Walkeb, J. Ostw. 2. 602-605 {88). Method for slightly 

volatile bodies (adopted from Miillet-Erabach and 
Tamann). 

144. GAMTznia. Wied. 41. 588-626, 770-800 {90). Experi- 

ments to test Dalton's law. With very full refer- 
ences to earlier work. 

145. Hertz, H. Wied. 17. 193^200 (52). Vapoui-pressure of 

mercury: partly observed, partly calculated from 
thermodynamic reasoning. 

146. Bambat & YoTJHe. J. C. S. 49. 37-49 {86). Vapoui^pres- 

Bure of mercury, deduced from observed relations for 
other fluids. 
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Q, CStrndniBation of QaasB Mid Denaitr at Low TemperatnreB. 

147. Fahadat. Phil. Trans. 113. 160-165 (25). CondenBatioQ 

o£ chlorine &c. 

148. . Phil. Trans. 135. 155-177 (^). 

149. Nattebbb. Wien. Ber. 5. 351-358 (SO). 

150. . Wien. Ber. 7. 557-570 (SI). Condensation of carbon 

dioxide &c. 
151. . "Wien. Ber. 12. 199-209 (S4). 

152. . Pogg. 84. 436-446 (55). 

153. PiCTET. C. R. 85. 1214-1220 (77). Earliest condensation 

of oxygen. 

154. Caillbtbt. C. R. 85. 1213-1214, 1270-1271 (77). Earliest 

condensation of oxygen, carbon monoxide, and other 
" permanent " gaaes. 

155. . C. E. 100. 1033-1035 (85). Apparatus for conden- 

sation of oxygen. 

156. Cailletbt & MATHiAa. J. de Phys. (2) 5. 549-564 (S6). 

Density of liquefied gases and saturated Tapours : 
heat of vaporisation. With historical introduction. 

157. Wbobi^wski & Olszewski. Wied. 20. 243-257 (SS). Con- 

densation of the "permanent" gases: method, and 
results : with historical introduction, 

158. Olszewski. Wied. 31.58-74(5?'). Density of %uid marsh- 

gas, oxygen, and nitrogen. 

B. Expansioa of Liquids and Gasea. 

HiRir. (Loe. ett. No. 89.) Expansion of water at high tem- 
peratures. 

159. Thoepb & Ebckbe. J. C. S. 45. 135-144 (84). Expansion 

of liquids : empirical relations. 

160. MBNDiLfiBF. Ber. (Eef.) 17. 129-131 (84). Expansion of 

liquids t empirical relations, (Abstract, with refer- 
ence to Bussian original.) 

161. . PhU. Mag. (5) 33. 99-131 (92). Review of work on 

expansion of water (translation in full). 

162. Jolly. Pogg. Jubelb. 82-101 (7i). Expansion of gases, and 

use of air-thermometer. 

8. Critical Foist and CorrespoiLdliig TempetatareB. 

163. Hbilboen, E. Ostw. 7. 601-613 (91). Index to literatore 

on critical point, and summary of numerical results. 

164. Odldbbbo. Beibl. 7. 350 (83). Discussion of experimental 

data on corresponding temperatures. (Abstract, 
with reference to Norwegian original.) 
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165. ViscHNT, C, & OHAPPifiB. J, de Phys. (2) 5. 58-64 {86). 

Seterminatioii of critical points : experimental detail. 

166. Caillbtbt &. CoiAHDRAir, Ann. Chim. Phys. (6) 35. 519-534 

(92). Detortninstion of critical point of water in 
steel tubes : novel method. [More briefly in J. de 
Phys. 10. 333-340 (91), or C. B. 112. 1170-1176 
(91).-] 

187. YooNO, S. J. C. S. 59. 37^6 (91). New method for den- 
sity of saturated liquids and vapours. 

168. . Phil. Mag. (5) 33. 153-185 (92). Comparison of law 

of corresponding temperatures, with experimental 
data. 

168. Maibiab. J. de Phys. (3) 1. 63-73 (9^). Comparison of 
law of corresponding temperatures, with experi- 
mental data. 

109ff. . J. de Phya. (3) 2. 1-12 (93). Discussion of the 

law of "rwrtiiinear diameter." List of data on 
critical volumes. 



T. Abaolnte Density of Elases. 

170. Ceatto. C. a. 108. 1662-64 (55). Correction to Regnault's 

measurement. 

171. Eaylbiqh, Lord. Proc B. 8. 43. 356-363 (87). On the 

density of oxygen and hydrogen. 

172. . Proc. K. S. 46. 425-430 (88). On the density of 

oxygen and hydrogen. 

173. Cooke. Proc. Amer. Acad. 24. 202-233 (89). Chemical 

method for density of gases. 

174. Jolt. Phil. Mag. (5) 30. 379-386 (90). Determination in 

a small vessel at high pressure. 

175. MoiSBAN & Gautibe. C. B. 115. 82-86 (92). Method for 

density of small quantities of gas. 
175a. Lbdco, A. 0. B. 115. 311-313 (92). Summary of resulte 
1 the density and atomic weight of oxygen and 



1766. SooTT, A. Phil. Trans. 184. 543-568 (93). Composition 
of water by volume. Description of apparatus and 
results. 



U. Tbermal Capacity of Fluids. 

176. Wiedemann, E. Pogg. 157- 1-42 {76); Wind. 2. 195-217 

(77). Specific heat at constant pressure of gas and 
vapours, and variation with temperature. Modifi- 
cation of Regnault's method. 



3y Google 



14 

177. Jamik. C. B. 71. 336-341 (70). Direct measurement at 

specific heat at constant volume of gasea. 

178. JoiT, Pha. Trans. 182. 73-118 (91). Direct measurement 

by condensation calorimeter. 

179. EoNTGEH. Pogg. 148. 580-624 (73). Typical example of 

many determinations of the ratio of specific heats of 
gases, by Clement & Desorme's metnod. (Critical 
references to earlier work.) 
170 a. Babtou & STBicoiAn. Beibl. 17- 638-640 (9S). Expe- 
riments on the specific heat of water. [Abstract 
from the Nuovo CSmento.] 
HiEif. (Loc. eit. No. 69.) Specific heat of water at high 
temperatures. 

180. DE Hues. Bull. Ac. Be!g. (3) 15. 522-528 (88). Variation 

of specific heat near the critical point. 

181. DiBTBEiCl. Wied. 37. 494-607 (89). Heat of yaporisation 

of water at 0° by Biinsen calorimeter. 
In this conneiion must be mentioned the worii of Mallard 
and Le Chat«lier, and of Berthelot, Sarrau, and Vieille, on 
explosives, which contains much valuable information on 
the specific heats of gases at high temperatures. 

182. Mallaed & Lb ChAteiieh. C. E. 91. 825-828 (80); 93. 

145-148, 96^-965, 1014-1016, 1076-1078 (81); 
95. 589-601, 1362-1355 (SS). Velocity of ejplosive 
waves : temperature of combustion and dissociation : 
preasiire produced : and specific heat of gases. The 
results are collected in ' Eecherches sur la combus- 
tion des melanges gazeux explosives.' Paris, 1883. 
For Berthelot's work, see his treatise on explosives : 
translated and condensed hy Hake and Mactiah : London, 
1892 (with summaries of the work done since the publi- 
cation of the French edition). The most important recent 
papers are j — 

183. Bbhthslot. Ann. Chim. Phys. (6) 4. 13-84 (8S). 

184. , Ann. Chim. Phys. (6) 6. 556-574 (86). 

185. Ann. Chim. Phys. (6) 23. 485-503 (91). On methyl 

nitrate — a typical set of experiments, 

186. . J. de Phys. (2) 10. 357-369 (91). Comparison of 

ilie pressure of esplosives with Clausius' formula. 

187. MioHAKLeoir.'W". Wied. 37. 1-23 (59). Experiments on the 

normal rate of propagation of explosions in gases' 
187 a. Dixon, H, B. Phil. Trans. 184. 97-188 (93). Bate of 
explosion in gases : bearing on chemicid theory : 
review of Bertbelofs work. 
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CaPILLAKI FhIIN03££SA. 

T. General Theory. 
The clasaicBl works on the subject are — 
LAPtiCH. ' Mecanique Celeste,' toI. 10. 
G-AUS8. Commentat. 8oc. Eeg. Gott. vol. 7 (1832). 
To which may be added r — 
1 88. Qdet, ' Bapport but le Progr^B de la Capillarity.' (Paria, 
1867.) A valuable review of the earlier theories 
and experimentB. 

A recent treatise Ib that of 
MiTHmu. 'Th^rie de la Capillarite.' (Paris, 1883.) De- 
voted mainly to the applicaticm of the received theory 
to particular cases. 

Memoirs of importance are : — 
180. Eatleigh, Ixird. Phil. Mag. (5) 16. 309-315 (8S). Arga- 
ments in favour of the existence of internal pressure 
in liquids. 

190. DtTHBM. Ann. Sci. de r£eo!e Norm. (3) 2. 207-254 [55). 

Examination of the received theory ; thermodynamic 
methods shown to be necessary : results of ordinary 
theory confirmed. 

191. Eatliioh, Lord. Phil. Mag. (5) 30. 285-298, 466-475 (90) ; 

33. 209-220, 468-471 {92). Sketch of mathe- 
matical theory of surface-forces in liquids and gases. 

192. WoETHnraTOW. Phil. Mag. (5) IB. 334-364 (84). Theory 

of internal equilibrium of liquids. 

193. . PhiL Msjg. (5) 16. 339-344 (83). Explanation of the 

quantities occurring in Laplace's theory. 

194. FncHS, K. Wien. Ber. 98. 740-751 (89). Corre* tion to the 

value of the tension of a curved surface. 

195. . Wien. Ber. 98. 1362-1391 (89). Deduction of the 

principal capillary functions. 

195 o. Bakkbb, G. Ostw. 12. 280-286, 670-678 (9S). Theo- 
retical discussion on the internal pressure of liquids. 

195 6. V. D. Waal8, J. D. Beibl. 18. 170-172,525(95). Thermo- 
dynamic theory of capillarity. [Abstract from Verb. 
Akad. Wetensk. Amsterdam.] 

On closely allied subjects are : — 

196. Stwan, J. Wied. 29. 655-664 (86). Relations between 

capillarity and evaporation and internal pressure of 
hquids. 

197. Eaylbigh, Lord. Proc. E. 8- 47. 281-287 (90). Surface- 

viscosity. 
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198. WoBTHitrGTON. Phil. Trane. 183. 355-370 (92). Meaaure- 
meat of the elasticity for stretching, o( sicobol. 

W. Badins of Molflcnlar Actioii. 

With hiatorical intro- 

200. Ekinold & RgoKBB. Phil. Trans. 177. 627-684 (86). Mea- 

gurement of soap-filma. 

200 a. . Phil. Trana. 184. 505-530 {93). Further 

meaauremmits : compariaon of melhoda. 

201. SoHSCKE, L. Wied. 40. 345-355 (90). Liraiting thicfcneaa 

of oil-film on water. 

202. EoNTQBN. Wied. 41. 321-329 (90). Limiting thicknesB of 

oit'fitm on water. 

203. DttUDE, P. Wied. 43. 158-180 (91). Discuaaion of range of 

mol. action from soap-films. 

204. EMNOtD & ECOKEB. Wied. 44. 778-783 (91). Eemarks on 

Drude'fl paper. 

X. UeoBuremeiLt of Capillary ConstantB. 

Quincke'a researches form the principal source of' information 
on the value of the capillary conatants ; but some of his methods 
have been attacked as incorrect by Worthington and others. The 
papers are : — 

205. QuiNCKB. Pogg. 106. 1-48(55). Surface-tension of mercury 

(krge drop method), with historical introduction. 

206. . Pogg. 134. 356-367 (68). Surface-tension of metals 

by weight of drops on melting. 

207. . Pogg. 135. 621-646 (68). Ditto : more extended 

paper, with theory. 

208. . Pogg. 138. 141-155 (69). Flat drops of liquefied 

metals. 

209. . Pogg. 139. 1-86 (70). Capillary phenomena at surface 

between two fluids: various methods of measure- 
ment. 

210. . 

211. . Wied.2. 145-194(77). Angle of contact and spread- 

ing of liquids on solids. 

212. WoBTranQToir. Proc. E. 8. 32. 362-^377 (81). More exact 

treatment of hanging-drops. 

213. . Phil. Mag. (5) 20. 51-66 (85). Criticism of Quincke's 

methods. 

214. Tbaubb. J. f. Prakt. Chem. 34. 292-311, 515-538 (86). On 

method of hanging-drops. 
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215. Qoisoo. Wied. 87. 219-228 (86). Eeply to Wortbington 

and others. 

216. SCBJFT. Ber. 15. 2965-2975 (SS). Surface-tension at boU- 

ing-point : method and eiamples. 

217. DB Hubs. Bull. Acad. Belg. (3) fi. 477-482, 402-504, 505- 

523 (SS). iDformation on temperature-Tariation of 
the surface-tension. 

218. WoETHiKGioN. PhU. Mag. (5) 19. 43-46 (86). On the use 

of a capillary multiplier. 

219. BATLmaH, Lord. Phil. Mag. (5) 30. S86-400 (90). Surface- 

tension of water (clean and contaminated) by the 
method of ripples. 

219 fl. Hall, T. P. Phil. Mag. 36. 386-^13 (ft!). New (weighing) 
methods for measuring surface-tension. 

219 6. Eamsay & Shields. Phil. Trans. 184. 647-674 (95). Tem- 
perature-variation of surface-tension — its bearing on 
the molecular complexity of liquids. 

T. SiBcellaaeoas Pbenomena. 

220. RoNTGBir. Wied. 3. 321-328 (7«). Effect of surface-tension 

on the weight of solids dipping in liquids. 

221. ScHLinHBMACHEB. Wicd. 8. 52-83 (79). Effect of surface- 

tension on the weight of solids dipping in liquids. 
Observations on the thickening of liquids at soUd 
surfaces. 

222. WoBTBOTGTON. Phil. Mag. (5) 15. 198-203 (8S). On 

horizontal motion of floating bodies under capillary 
forces. 

223. QuiMCKH. Wied. 35. 580-642 (88). Numerous observations 

on movements of fluids due to surface-tension : 

A great mass of obseryations, chiefly qimlitative, on 
liquids removed from the action of gravity is cout^ned in 
Plateau's researches : — 

224. Plateau. Mem. de Belg. vols. 16, 23, 29, 31, 33, 36, 37 

(1843 to 1869) ; mostly translated in Taylor's Scien- 
tific Memoirs, vols. 4 & 5, and Phil. Mag. 4th series, 
vols. 14, 22, 24, 33, 38, & 40. 
Plateau's booli, ' Slatique des Liquidee.' 2 vols. (Ghent, 
1873.) 

225. BiYLEiGE, Lord. Proc. E. S. 34. 130-145 (52). Vibrations 

of liquid jets. 

226. MATiHiEBBEif, L. Wied. 38. 118-130 (89). Experimental 

verification of Thomson's theory of waves in liquids 
under the combined influence of gravity and surface- 
tension. 
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Z. ThermodynamicB of Fluids at rest. Theory. 

The form of the equation / (p, v, fl)=0, expressing the relations 

between pressure, volume, and temperature, has been the subject 
of much attention, as, with a knowledge of the internal energy, 
it forma a completo statement of the properties of a fluid. (See 
papers of W. Thomson and KirchhoiE, under Qeneral Thermo- 
dynamic theory.) 

227. Thomson, J. Proc. E. 8. 20. 1-8 (71) ; or Phil. Mag. (4) 

43. 227-234 (72). First give-) an explanatioa of 
the discontinuity of the isothermals in passing iiom 
liquid to vapour. 
T. D. Waaib, (Loe. cit. No. 88.) Gives a theoretical inves- 
tigation, and proposes an equation. 

228. Ci-Arains. Wied. ft. 337-357 (SO). Equation for carbon 

dioxide. 

229. Saeead. C. B. 94. 639-642, 718-720, 845-847 (8S). 

230. . C. E. 101. 941-944, 994^987, 1145-1148 (86). 

231. . C. E. 110. 880-884 (90). 

Comparison of Clausiua' formula with experiments, 
chiefly Amagat's, for several gases ; and, in the later papers, 
a modification of the formula. 

232. Amagat. Ann. Chim. Phys. (5) 28. 500-507 (83). Dis- 

cussion of equations / (j>, v, e)=0. 

233. Weoblhwbki. Wied. 29. 428-451 (56). Bepresentation of 

state of a fluid by isopyknica. 

234. Eamsay & Yovm. Phil. Mag. (5) 20. 515-630 (85). Some 

empirical relations between pressure, temperature, 

and latent heat. 
235. . Phil. Mag. (5) 23. 129-138 (87). On the 

nature of fluids : review of their experimental work. 
23C. . Phil. Mag. (5) 23. 435-458 (8?) ; (5) 24. 196- 

212 (87), " Evaporation and dissociation," part vi. 

Discussion of form of isometric lines, and empirical 

relations observed. 

237. FiTZGBBAJJi. Proc. R. S. 43. 50-52, 216-224 (87). On 

some deductions from Bamsay and Young's expe- 
riments. 

238. Jageb, 6. Wien. Ber. 101. 1675-1684 (9S). Discussion of 

equations. 
238 «. BEiLLoriu, M. J. de PhyB. (3) 2. 113-118 (93). Com- 
parison of equations of v. d. Waals, Clausius, and 
Sarrau, with the general equation of the third 
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239. CaillbtetAColaedbau. Ann. Chim. Phya. (6)17.268-281 

(89) ! or J. de Phya. (2) 8. 389-396 (50); Maintain 

that both liquid and vapour exiat above the critic^ 

point. 

In this connexion should be mentioned certain expert- 

mente which, though dealing with fluids in motion, hare ae 

their object to determine the internal energy of gaaee. 

JotTLB & Thomson, W. (_Loc. at. No. 82.) Eapecially paper 
on flow of gases through a porous plug. 

EEOHArxT. {Loc. cU. No, 107.) Heat absorbed in diachai^ 
of gases &c. 

240. Natanbom, E. Wied. 31. 602-526 (87). Experiments on 

cooling of carbon dioxide by expansion, and com- 
parison with y. d. Waala' theory, 

241. BouTT. J. de Phya. (2) 8. 20-28 (89), Discussion of 

internal energy of gasea, according to v. d. Waals' 
and Clausius' equations, and compariaon with Joule 
and Thomson's experiments. 

242. ScHJXtBE, N. Wied. 40. 149-156 (90). Discussion of 

internal energy of gases, according to v. d. Waals' 
and Clausiua' equations, and comparison with Joule 
and Thomsou'e experiments. 



AA. [Appendix.] Tlieory of BEiztures and SdlatdonB. 

The literature of this subject and the allied points, of disao- 
ciation and chemical combination, ia very large; we can here 
only mention two or three papers of exceptional interest. 

243. tan't Hoff. Arch. Norland. 30. 239-302 (86). Com- 

pariaon of dilute solutions to gases. [Morc briefly 
in Ostw. 1. 481-508 (87).'] 

244. BoLTZMANS. Ostw. 6. 474-^80 (90). Diacuasion of yan't 

Hoff's hypothesis from the point of view of the 
kinetic theory. 

245. LoKEHTZ, H. Ostw. 7. 36-54 (91). Diacuasion of van't 

Hoff's hypothesis from the point of view of the 
kinetic theory. 

246. BoLTZMABK. Ostw. 7. 88-90 (91). Discussion of van't 

UofTs hypothesis from the point of view of the 
kinetic theory. 

247. YAH D, Waalb. Arch. Neerland. 24. 1-56 (90). On the 

thermodynamic equilibrium of mixtures. 

247 a. Natanbom, L. Ostw. 10. 748-781 (92). Thermodynamic 
potential of solutiona. 
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TUBBMODIKAUICS OF SOIIDS. 

The constitatioa of solids is more complicated tban that of 
fluids, and has been much less studied ; so that the experioieutal 
data existing fall into a few distiuct groups, while oE theory only 
a few isolated points have been dev^oped, chiefly with regard to 
imperfections of elasticity in solids. 

BB. Elasticity. 
The most important data fall under this head ; several moduli 
of elasticity have been measured, usually those of stretehtng and 
twisting ; sometimes Young's modulus, by bending i sometimes 
the volume elasticity (see researches on compressibility of fluids). ' 
Innumerable measurements have been taken ; it will only be 
necessary to mention as typical : — 

248. Wertubim, G. Ann. Chim. Phys. (3) 12. 385-454 (44). 

249. . Ann. Chim. Phys. (3) 12. 581-624 (44). 

250. . Ann. Chim. Phys. (3) 15. 114-120 (^). 

251. . Ann. Chim. Phys. (3) 23. 52-94 (48). 

252. . Ann. Chim. Phys. (3) 50. 195-322 (57). 

253. . Ann. Chim. Phys. (3) 50. 385-432 (57). 

Much discQBsion has gone on as to the value of PoisBon's 
ratio. Wertheim measured it ; also: — 



254a. EvEBETT. Phil. Trans. 156. 185-101 (66)'; 157. 137-163 
{67); 158. 363-369 (6S). FleiuisI and torsional 
rigidity of metals and glass. 

255. ScHNEEBELi. Pogg. 140, 598-621 (70). For steel, by lon- 

gitudini^ and torsional vibrations. 

256. CoKMD, A. 0. H. 60. 333-337 (€9). By optical obser- 

vations of bending. 

257. Akagat. Ann. Chim. Phys. (6) 22. 95-140 (91) ; or more 

briefly in J. de Phys. (2) 8. 197-204, 359-368 (89). 
Compressibility and Poisson's ratio, 

258. Thbelpam. PhU. M(^. (5) 30. 99-117 (90). Elastic 

constants of quarts threads. 
269. VoiGT.W. Wied. 31. 474-501, 701-723 (87). Elairtic oon- 
Btants of quartz and beryl (Baumgarten's method ; 
one of several papers on difEerent crystals). 
The relation of elasticity to temperature has received 
little attention ; we may refer to : — 

260. KoHLEArsoH & LooMie. Pogg. 141. 481-503 (70). 

And the papers of H. TomUnson, which, being of a some- 
what miscellaneous character, mHy best be collected here : 

261. ToMMMSOJi, H. Phil. Trans. 174. 1-172 (83). Elastic 

properties of metals. 
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262. ToMUTTSoir, H. Proo. E. S. 38. 488-500 (85). Helation of 

elasticity to thermal capacity &c. 

263. . Proc. B. 8. 43. 88-108 (87). Coniparisott between 

static elasticity aad velocity of Bouua in metals. 

264. . Phil. Trans. 177. 801-837 (86). Viscosity of solids ; 

damping of vibrations, due to viscosity under various 
circnmstances. 
Thirteen pure met^s have been investigated very syste- 
matically by 
264 a. VoiuT.W. 1^63.48.674-707(95). Elasticity by flexural 
and toraional vibrations. 

264 b. . Wied. 49. 396^00 (9S). Eemarks on the above. 

264c. . Wied. 49. 697-708,709-718(95). Thermal expan- 
sion, thermal pressure, and specific heat, 

CC. Limita of Elasticity. 

Viscosity, or internal friction of solids, leads naturally to the 
subject of " Elaatische Nachwirkung," and the two must be taken 
t^^ether. The chief papers are (with Tomlinson's mentioned 
above) : — 

265. Wkbhb, W. Pogg. 34. 247-256 (55). Observations and 

theoTj of Elaatische Nachwirkung. 

266. . Pogg. M. 1-17 (4i). Observations and theory of 

Elastische Kachwirkung. 

267. KOHIRADSCH, F. Pogg. 119. 337-368 (63). Observations 

and theory of Elastische Nachwirkung. 
268. . Pogg. 128. 1-20, 207-227, 389-419 (66). Obser- 
vations and theory of Elastische Nachwirkung. 

269. . Pogg. 166. 579-587 (7S). Observations and theory 

of Elastische Kachwirkung. 

270. . Pofg. 158.337-375 (76). Observations and theory 

of Elastische Nachwirkung. 

271. . Pcgg. 160. 225-238 (77). Observations and theory 

of Elastische Nachwirkung. 

272. WiBDBMANN, G. Po^. 103. 563-577 (55). Observations on 

limits of elasticity, permanent and temporary defor- 
mation, and analogous magnetic phenomena. 

273. . Po^. 106. 161-201 (69). Observations on limits of 

elasticity, permanent and temporary deformatiou, 
and analogous magnetic phentmiena. 

274. . Pogg. 107. 376-379 (S9). Observations on limits of 

elasticity, permanent and temporary deformation, 
and analogous magnetic phenomena. 

275. . Pogg. 117. 193-217 (6^). Observations on limits of 

elasticity, permanent and t«mporai'y deformation, 
and analogous magnetic phenomena. 
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276. WnDBMANir, G. Wied. 6. 485-520 {79). ObserTOfcions on 

limits o£ elasticity, permanent and temporary de£or- 
mation, and analogous magnetic phenomena. 

277. MiXWiLL. " Constitution of bodies," Eacy, Brit. 9th ed. 

1876. Beprint«d in Maxwell's collected papers, 
vol. ii. pp. 616-624. 

278. Mbibb,O.E. Pogg. 151. 108-119 (7^). Theory of EI. Nachw. 

279. . Pogg. 164. 354-381 (75). Note on Streintz'a work. 

280. . Wied. 4. 249-287 (TS). Critical experiments and 

modified theory. 

281. BoLTZMABS. Wien. Ber. 70. 275-306 (75) ; or Pogg. 

Ergannb. 7. 624-654 (76). Theory of El. Nachw. 

282. . "Wien. Ber. 76. 815-842 (78). Theory of El. Nachw. 

283. . "Wied. 5. 430-432 (78). Note against O. E. Meyer. 

284. Nebben. Pogg. 153. 498-525 (74). Experiments on 

torsion and extension of wires. 

285, . Pogg. 167. 579-596 (76). Experiments on torfiion 

and extension of wires. 

286. . Wied. 7. 460^69 (79). Experiments on torsion and 

extension of wires. 

287. Steeditz. Wien. Ber. 6fl. 337-378 (74) ; or Pogg. 163. 

387-411 (74). Experiments on damping of torsional 
vibrations. 

288. Schmidt. Wied. 2. 48-66 (77). Experiments On damping 

of torsional vibrations. 

289. Bbacs, W., & KnEZ, A. Carl's Eep. 15. 561-577 (79). 

Experiments on damping of torsional vibrations. 

290. , . Carl's Eep. 17. 233-253 (81). Eiperimenta 

on damping of torsional vibrations. 

291. , . Cart's Eep. IB. 665-672 (82). Experiments 

on damping of torsional vibrations. 

292. WAKBima. Wied. 4. 232-249 (78). Theory of El. Nachw. 

293. . Wied. 10. 13-24 (80). Experiments in support. 

294. ScheOdee, T. Wied. 28. 36S-393 (86). Eelation of El. 

Nachw. to temperature ; experiments by Kohlrausch's 
method. 

295. WiBDMAKN, G. Wied. 29. 214-249 (86). Elastic and 

thermal after-effects in glass. 

296. EBKEtTH. Wied. 35. 476-496 (S8). EI. Nachw. and 

temperature. 

297. Baeits. Phil. Mag. (5) 26. 183-217 (88) ; 27. 155-177 

(89). Experimental verification of Maxwell's theory 
of El. Nacliw. 
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298. Bahus & Sthodhal. Sill. (3) 38. 444-466 (S6); 33, 20-38 

(87). Meaaurement of the viscosity of steel, with 
references to literature. 

299. Beiilouin. J. de Phya. (2) 7. 327-347 (88) ; 8. 169-179 

(89). Thermodynaiaics oF permanent strain : — 
Mathematical consequences of certain simple 
assumptions as to imperfectly elastic bodies. 
Oq the important question of how elasticity of metals ia 

affected by long continued strains, little information exists ; 

eipenmenta ha*e been undertaken by 

300. BoTTOMLBT. Phil. Mag. (5) 24. 314-318 (87). 

301. . Phil. Mag. (5) 28. 94-98 (S9),, 

and are still in prepress. 

Much information on breaking strains haa been collected 
for engineering purpoaes, but it possesses little scientific 
interest at present. One or two other papers on allied 
pointe uay be mentioned : — 

302. AuEEBACH, F. Wied. 43. 61-100 (91). Absolute measure- 

ment of hardneas ; destription of apparatus and 
results, with historical introduction. 

303. . Wied. 45. 277-291 (9S). General remarks on elastic 

properties of solids and on plasticity and brtttleuess. 

304. MoBiK. Mem. Sav. etrang. (2) 4. 1-128, 591-696 (SS); 

6. 641-784 (35). Classical researches ou friction. 

305. EetitoiJib, O. Phil. Trans. 177. 157-234 (86). Theory of 

lubricatioji and Mr. Beauchamp Tower'a experiments. 

DD. Tliermal ExpauBioiL. 
Two methods of measurement are commonly adopted, that of 
the comparator and Fizeau's optical method. Both methods have 
been studied very carefully at the Bureau International, and their 
publications contain the best account of the ei(>erimental details, 
and the most recent results. 

306. FBavBT. Trav. etMem. dubureauint.dea poidsetmeaiirea, 

vol. iv. 170 pp. (1885). On the comparator metlioi. 

307. Besoit. Trav. et M^m. du bureau int. des poids et mesures, 

vol. vi. 193 pp. {1888X On Fizeau's method. 

See also the ori^nal papera hy 

308. FizRiii. C. K. 62. 1101-1106, 1133-1148 (66). i 

309. . C. E. 66. 1005-1014, 1072-1088 (68). J 

Experimental method and result-s, with application to 

different crystalline systems. The first memoir reprinted, 
Ann. Chim. Phvs. (4) 8. 325-361 (68) ; the second trans- 
lated, Phil. Ma^. (4) 36. 31-38 (68). 
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810. BwatmirAMP, J. Beibl. 6. 80-86 (83). Tliermal expansion 
of monoajrm metric and asymmetric crystals; theory 
and measurements. (Abstract.) 

£E. Thermal Capacity. 

The ordinary methods of measaremeot will be found under 
Calorimetry. We need oaly mention here a few results oE Bpedal 
interest. 

311. WMm,H.P. Pogg.lM. 367^23, 553-582 (W). Specific 

heat of carbon, boron, and silicon at various tempe- 
ratures : Bulong and Petit's law. 

312. ViOLLB. J. de Phya. (1) 7. 69-78 (78). Careful study of 

specific heat of platinum and allied metals up to 
melting'point. 

313. . J. de Pbys. (1) 9. 81-85 {80). Careful study of 

sped6c beat of platinum and allied metals up to 
melting-point. 
The anomalous behaviour of iron at high temperatures 
was the subject of much study a few years ago : — 

314. OsMOMD. C. R. 103. 743-746, 1135-1137 (86). Obser- 

vations on the cooling of steel. 

315. PiOMOHOS. Ann. Chim. Phrs, (6) 11. 33-110 (ST) ; or. more 

briefly, J. de Pbys. (2) 6. 269-286 (87). Calori- 
metric study of iron and other metals, over a large 
range of temperature. Description of method, and 
results. 

316. Newail. PhU. Mag. (5) 24. 435-439 (87). Observations 

on recalescenee of steel, 

317. . Phil. Mag. (5) 35. 510-512 (88). Observations on 

recalescenee of steel. 

318. ToMLiHsoK, H. Phil. Mag. (5) 23. 245-252 (87). General 

remarks on the elastic properties of iron. 

319. . Phil. Mag. (5)25.103-116(55). Eecaleacence. 

320. Baeus. ' Nature,' 41. 369-371 (90). Note on the stability 

of iron and steel. 

321. Osmond. M^m. de I'Artill. de la Marine, vol. iv. (1887), 

131 pp. Bemme of subject, with references to 

Eterature. 
For calculations on internal energy of solids, and their 
specific heat at constant Tolume, see Wiillner; Eiperi- 
mental-PliyBik, vol. iii. p. 61 (4th edit.). Calculation first 
gjyen by W. Thomson, Proc. Eoy. Soc. viii. (1857) ; also 
Trans. Hoy. Boc. Bdinb. (1851). 
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FF. Plienomena of Pnsion. 

322. Kopp. Liob. 83. 129-232 (55). Change of volume on 

melting. 

323. Baaus. PliiL Mag. (5) 29. 337-355 (90). Experimental 

comparUoa of ¥1800811^ of soUdB and liquids. 

324. . Sill. (3) 42. 125-147 (91). Continuity of aoUd and 

liquid atatea. 

325. WiBDBMAMN, E. Wied. 20. 228-242 (SS). Change of 

volume of metals on melting. 

326. Vataov, C. Ann. Chim. Phys. (3) 21. 295^35 (4?) ; (3) 21. 

129-162, 265-276 (48) ; (3) 27. 250-272 (49). 
Numerous observations oa heat of fuaiou. 
See also " Calorimetry " for heat of fusion of ice. 

327. Eaotlt. Ann. Chim. Ptiys. (6) 8. 289-317 (86). Loweriug 

of freezing-point of solutiona. 

328. . Ann. Chim. Phya. (6) a 317-339 (86). Method for 

determining molecular weights. 
These two papers may be taken as representative of the 
extensive literature now existing on " Saoult's method " for 
molecular weights, a subject belonging rather t» Chemistry 
than Physics. 



Thekmodyitaicics of Motuto Fluids. 

Note. — In the sections following on DiSusic 
intended to refer only to experimental work, < 
itonsiderations as do not involve any assumptions as to molecules. 
It is impossible to separate such papers completely from those on 
niolecular theory, bo additional information will be found later, 
where experiments on Diffusion and Viscosity are treated as data 
of the kinetic theory of gases. 

GU>. Diifaaion of Oaeea. 

320. Gbaham. Phil. Trans. 136. 573-631 (46). Transpiration 
and effusion of gasee. 

330. . Phil Trans. 139. 349-391 (49). Transpiration and 

effusion of gases. 

331. . Phd. Trans. 163. 385-405 (63); or Phil. Mag. (4) 

36. 409^34 (63). Diffusion of gases. 

332. LoBOHUiDT. Wien. Ber. 61. 367-380 (TO) ; 62.468^7S(TO). 

Determination of coetHcients. 
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. T. Obbematbb. Wien. Ber. 81. 1102-1127 (80). Tempe- 
rature variatdon of coefficient. 

. . Wien. Ber. 86. 147-168, 748-761 (8S). Coefficianta 

for various gasea. 

. . Wien. Ber. 87. 188-263(^5). Coefficientfl f or yarious 

gaaee. 
. . Wien. Ber. 96. 546-577(5?'). Possible variability o( 



837. WrNKKLMAHS. Wied. 22. 1-31, 152-160 (84)- Measure- 
ments of diSusion and comparison with theory. 

338. . Wied. 33. 445-453 (88). Observations on rate of 

evaporation. 

339. . Wied. 38. 93-114 (89). Eiperiments on rate of 

evaporation and diffusion of vapours in air, hydrogen, 
and carbon dioxide. 

340. Stefan. Wien. Ber. 98. 1418-1442 (89); or Wied. 41. 

725-747 (90). Evaporation and solution treated as 
phenomena of diffusion : theory and experiments. 

341. DB Hubs-. Bull. Ac. Belg. (3) 81. 11-24, 214-219, 798-810 

(91). Experiments on rate of evaporation under 
vanone drcnmstances. 

HH, DiffoaioB of LiqnidB. 

342. Graham. Phil. Trans. 140. 1-46, 805-83fl (50) ; 141. 483- 

494 (61). Experiments on diffusion of various 

343. . Phil. Trans. 144. 177-228 (54). Osmotic force. 

344. SnTAif. Wien. Ber. 78. 957-975 (73). Experiments on 

diffusion of liquids. Description of method. 



(See also Stefan, under Diffusion of Gases.) 
345a. Wmnee, O. Wied. 49. 105-149 (95). On curved raya 
and their application to measure diffusion of liquids. 

II. 'VUcoBity of OaseB. 

346. Maxwell. Phil. Trans. 156. 249-268 (66). Determination 

by oscillating disc method. 
(Beprinted in Maxwell's papers, vol. ii, p. 1.) 

347. PuLUJ. Wien. Ber. 69. 287-320 (75); 70. 243-270 (75)- 

73. 589-628 (76). Variation with temperature. 
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348. KUNM & Wakbpeo. Pogg. 165. 337-566, 525-550 (75) ; 

159. 399-415 (76). Measurement of viacosity, and 
Blipping at glaes aurfnces. 

349. V. Obebmaieb. Wien. Ber. 71. 281-308 (75) ; 73. 433- 

474 (76). Variatioii with temperature. 

350. KlbmkuCjC. Wien. Ber. 84. 146-197 (81). Damping in 

air at various pres 4 nres. 

351. TOMUNBOK. Phil. Trann. 177. 767-799 (88). Oscillating 

disc metbod. With note by Stokes. 

352. Baeub. Wied. 36. 358-398 (59). Viecoaity of various 

gasea up to 1000°, by capillary-tube metbod. Full 

references to literature. 
The resistance of air at high velocities has been studied 
for practical purposes, and some results of interest obtained. 
See:— 

353. Bashfobth, Treatise on the Motion of Projectiles. London, 

1873. 

354. Lahglit. Smithsonian Contributions to Knowledge, vol. 

xxvii. (1891), 115 pp. (no. 801). Eiperimenta on 
tnotioQ of inclined planes through the air. (Flying 
macbines.) 

355. Eatleigh, Lord. 'Nature,' 45. 108-109 (CJ). Note on 

Langley's eiperimentB. 



JJ. 'Viscoaitj of Liqnids. 

356. PoiSKUiLlB. M^m. Sav. etrang. 9. 433-544 (46) ; or 

Abstract in Ann. Chim. Phys. (3) 7. 50-74 (43). 
Method of capillary tubes. 
Many measurements have since been made by the same 
method, but without any noticeable difFereuce. As an 
example of the method of damping we may lake 

357. KoNio, W. Wied. 32. 193-222 (87). 

358. Stefan. Wien. Ber. 46. 8-31, 49&-S20 (6S). Gives a 

general mathematical treatment of the motion 
of viscous Uquids, with particular application to 
Poiseuille's method. 
The possible rigidity of liquids has been studied by 

3.59. ScnwEDOFF, Th. J. de Phys. 8. 341-369 (89). Experi- 
ments on rigidity of twisted liquids, and Maxwell's 
theory of it. Connexion between viscosity and 
rigidity. 

360. J. de Phys. 9. 34-46 (90). Experiments on rigidity 

of twisted liquids, and Maxwell's theory of it. 
Connexion between viscosity and rigidity. 
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KK. Outflow of Liqaidji. 

Sesearctiea on this subject haTe been undertaken chiefly by 
engineers for practical purposes. See especially Weisbach in the 
' Civilingenieur,' 18&9 and on. Also 

361. Ebinolm, 0. Proc. E. 8. 35. 84^99 (55). On the con- 
ditions for formation of eddies in flowing liquids. 

LL. Outflow of Ouea. 

Experiments on this subject, thou^ undertaken also for 
engineering purposes, have led to discussions ot far more scientific 
intereet than in the case of liquids. The most importnut data are 
those given by Him. 

382. HiBiT. Mem. de Belg. 43. (1881), 91 pp. Experimental 
reeearches. Published separately by Oaiithier- 
Villars, of Paris. 

363. - — . M^m. de Belg. 46. (1886), 203 pp. Experimental re- 

searches. Published separately by Gauthier-Yillars, 
of Paris. 

364. . Ann. Chin.. Phjs. (6) 7. 289-349 (86). On the 

existence of a limiting Telocity. 
His experiments are uncon tested, but Him draws con- 
elusions from them at variance with the kinetic theory of 
gases ; and a discussion accordingly arose in which various 
authors defended the theory against Him, explaining his 
experiments differently. See : — 

365. CLAtrsroa. Bull. Ac. Belg. (3) 11. 173-]fi3 (86). 

366. HuGONiOT. Ann. Chim. Phys, (6) 9. 375-405 (S6). 

Also articles by Him, Hiigoniot, Parenty, and Haton de 
la Goupilliere in the 'Comptcs Eendus,' vols. 102, 103, 
and 104 ; especially 

367. Hatoit db la GoupiLLifeRE. C. E. 103. 661-665, 708-712 

(86). Exact theory of the variable outflow of a 
gas. 

MM. Atmospheric Kovementa. 

368. FoTBHiEH, E. F. C. E. 100. 47-50 (8S). Calculation of 

the pressure and velocity in cyclones. 

369. Mascabt. J. de Phys. (2) 8. 557-572 (S9). Abstract of 

experiments by M. Weyher on artificial reproduction 
of cyclones. 

370. Obebbeck. Berl. Sitzber. 1888, 383-306, 1129-1138. On 

fltmospheric movements. 
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371. HmMHOLTz, H. toit. Berl. Sitzber. 1888, 647-663. On 

at tuo spheric movementa. 

372. . Berl. Sitzber. 1889, 761-780. On atmospheric 

maTements. 

373. . Berl. Sitzber. 1890, 853-872. On atmospheric 

movesieiitB, 
Or Wied. 41. 641-662 (90), reprint of the last o£ the 
abore three papers. 

374. T. Bezold. Berl. Sitzber. 1888, 485-522, 1189-1206. 

375. . Berl. Sitzber. 1890, 355-390, 1285-1317. 

376. . Berl. Sitzber. 1892, 279-309. 

377. Batijiiqh, Lord. Phil. Mag. (5) 29. 173-180 (90). Vibra- 
tions of an atmoaphere. 



WaTB-MOTIONS ; BSPECIAI,LT SOUKD. 

Two great works on Sound must first be mentioned, wbic-h give 
information on most of the subjects niectionfd below, and much of 
it original. These are Helmholtz's ' Sensations of Tone ' (fourth 
German edition, 1877 ; second English edition, edited, with 
valuable appendices, by Ellia : London, 1885) ; and Lord Eayleigb's 
' Theory of Sound,' 2 vols. (London, 1877-78 : Macmillan). 



NN. Xeasnremeiit of Freqneney. 

On this comparatively simple subject we need only refer to two 
or three of the more recent papers : — 

378. MicHHBOir. Sill. (3) 25. 61-64 (S3). Example of the 

electrochronograpbic method. 

379. Lbmah, Za. f. Instrumentenk. 10. 77-87, 170-183, 197-202 

(90). Determination of pitch of tuning-forks, un- 
dertaken for the Berlin ' Beichsanstalt.' Literature 
and criticism of methods and introduction only. 

380. Heebmai™, L. Pfliiger's Archlv, 4fi. 582-592 (89) ; 47. 

44-53, 347-391 (90) ; 63. 1-51 (93). Full details 

of method of photographing vibrations. Analysis of 

vowel sounds. 
380 a. Kbigab-Meszel &. Eaps. Wied. 44. 623-641 (91) ; 60. 

444-455 (93). Photographing motion of plucked 

strings. Analysis of curves, 
3806. Eaps, A. Wied. 50. 193-220 (9S). Phob^aphing 

interference-bands formed by sound-waves in wr. 

Composition of vowel sounds. 
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OO. Telocity. 

381. EBGifACi.T. Mem. de Paris, 37. 3-575. Telodty o( propa- 
gation of weaves in gaseous media ; direct measure- 
ment in tubes and in free air. Beferences to earlier 
experiments. 

882. WlfflTHBiM. Ann. Chim. Phjs. (3) 33. 434-474 (^). 
Velocity in liquids by wave-length of pipes. 

383. . Ann. Chim. Phya. (3) 31. 385-432, 432-436 (5i> 

Velocity in air. 

384. Kpbkc. Pogg. 127. 497^523 {66). Velocity in gases and 

soUde ; determination of ware-length by diist figures. 

385. ' . Pogg. 135. 337-372, 527-561 {68). Velocity in 

pipes : with historical introduction. 

386. Stm-ak, Wien. Ber. 67. 697-708 {6S). Velocity in eolids. 

387. WAEBUEa. Pogg. 138. 285-295 {69). Velocity in soft 

bodies (Stefan's method). 

PP. Xeunrement of Intoniity. 

388. Eatieigh, Lord. PhiL Mag. (5) 14. 186-187 {82), At-titm 

of sound on light plates. 

389. Axumn. C. B. 05. 1062-1064 {8S). Experiments on 

intensity at various dislances from the source oE 
sound. 

390. DvoKAK, V. Zs. f. Instrumentenk..3. 127-135 {8S). Appa- 

ratus for production of rotation by sound-waves, 
and measurement of intensity. 

391. WiES, M. Wied. 36. 834-867 {89). Measurement by 

mesne of vanatitHi of prtissure in a resonator. Proof 
of inverse square law. Beferences to literature. 

QQ. Qoality of Tone. 

For experiments and discussion of this subject, see especially 
Helmholtz's ' Sensati<»s of Tone,' and 

392. KosiG, B. Pogg. 148. 161-199 {72). Method of mano- 

metric flames. 

393. . Pogg. 157. 177-237 {76). Observations on conso- ■ 

nances &c. 

394. . J. de Phys. (2) 1. 525-542 {8S) ; or Wied. U. 369- 

393 {81). Effect of phase on quality. Bxperi- 
meuts with the wave siren. 

395. . "Wied. 39. 395-402, 403-411 {90). Observations on 

interference of sounds. 
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396. VoiOT, W. Wied. 40. 652-660 (90). Attempt to reconcile 
the theories of Helmholts and Konig. 

396 o. HKEBUAira, L. Pfliiger's ArchiT, «9. 499-518 (91). 
Theory of combination-toneH. 

BB. Hiscellaaeoos. 
A few other papers may be mentiooed : — 
387. Stefan. Wien. Ber. 63. 521-537 (66). Calculation of the 
effect of viscoeity of air on propagation of sound. 

398. Bailbigh, Lord. Phil. Mag. (5) 16. 181-186 (8S). Calca- 

lation of the absorbent effect of porous bodies. 

399. STBOHHAt. Wied. 6. 216-251 (7S). Theory of organ-pipes, 

with experimentA on production of tones, and on 
" Beibungstone," 

400. Hebsocn & Teo. Proc. B. S. 60. 318-322 (9^. AudibUity 

of single sound-waves, 

CoKDTTCfnorr of Hsat. 
The theory of conduction (or diihision) assuming the conduc- 
liTity not to vary with the temperature has been worked out by 
Fourier, whose work is a monument of applied mathematics, useful 
in several branches of Physics besides the present. The most 
accessible edition is : — 

FoTTBiBK. ' Analytical Theory of Heat,' (Translated by A. 
Freeman.) Cambridge, 1878. 

SS. Condnctirity of Solids and Liquids. 
The following are some of the numerous determinations that 
have been made : — 

401. Wiedemann & Fbanz. Fogg. 80. 497-631 (53). Eelative 

conductivity of solids. 

402. FOBBBB. Trans. E.S.E. 23. 133-146 (62); 24.73-110(65). 

Temperutu re-variation of conductivity in solids. 

403. Anobibou. Pogg. 114. 512-530 (6J). Absolute conduc- 

tivity ofmetals. 

404. . ^ogg. 118. 423-431 (63). Absolute conductivity of 

metals. 

405. . Pogg. 123. 628-640 (64). Absolut© conductivity of 

metals. 
Or Phil. Mag. (4) 25. 130-142 (63); 26. 161-167 (63). 
Translation in full of the first two memoirs. 

406. Webeb, H. F. Wied. 10. 103-129 (80). Conductivity of 

solids. 

407. LOHBEBG. Wied. 14. 291-308, 426-450 (81). Analysis and 

reduction of H. F. Weber's w^ork. 
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408. LoEBSZ, L. Wied. 13. 4^2-447 (81). Comparison of con- 

ductivity of metals for heat and electricity. 

409. jAimfErrAZ. Beibl. 7. 277-280 (SS). On conductivity of 

crystals. (Abstract, with references to various papers 
of Jannettax.) 

410. BoTTOMLBT. Phil. Tnins. 173. 537r-645 (W). Conductivity 

of water : original method. 

411. Bbbget. C. B. 106. 224-227 (87). 

412. . C.E. 106. 1152-1155(55). 

413. . C. B. 107. 171-172, 227-229 (88). 

Conductivity of mercury by the " method of the plate": 

temperature-variation; and conductivity of other liquids 
and metals. 

413 a. . C. B. 114. 1350-1352 (93). New method for 

comparing conductivity of solids : ingenious and 

414. Chebe. Proc. E. S. 43. 30-i8 (87). Conductivity of liquids. 

415. Gbabtz. Wied. 18. 79-94 (83). Conductivity of liquids : 

novel method : cooling of a stream of liquid. 

416. . Wied. 26.337-357 (85). Conductivity of liquids: 

novel method : cooling of a stream of liquid. 

Some of the above papers refer to the loss of heat from 

the surface of bodies (external conductivity) ; and we may 

mention one or two other papers on the subject, though not 

properly belonging to Physics of Matter. 

417. STBFAir. Wien. Ber. 70. 391-128 (79). Discussion of early 

experiments on radiation and enunciation of the law 
of the fourth power of the temperature. 

418. Gbaetz. Wied. 11. 913-930 (80). Law of radiation and 

emissivity of glass. 

419. AiETON & KiLGOUR. Phil. Tians. 183.371-406 (92). Emis- 

sivity of wires. 

TT. Coudnctivity of (Jases. 

The experimental data are given here; but see also 'Kinetic 
Theory of Gases ' for a discussion of the results. 

420. Stbfaf. Wien. Ber. 85. 45-72 (7M). 

421. Ktihdt & Waebueg. Pogg. 158. 177-211 (75). 

422. Geaetz. Wied. 14. 232-260 (81). 

Winkelmann has made numerous determinations, of 
which we need only mention the last, which, according to 
the author, is the best. 

423. WiwKiLMiNM, A. Wied. 44. 177-205, 429^56 (91). 
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The above are hy the method of cooling. A statioDsr;' 
method, using an electrically-heated wire in a glass tube, 
was used by 

424. SOHUHKEMACHBE. Wled. 34. 823-646 (88). Cooductivity 

of gases. 

425. . Wled. 36. 346-357 (89). Conductivity of mercury- 

vapour, with discuBsion of its beariDg on the theories 
of Eoltzmann and O. £. Meyer. 

MOLECULAR THEOET. 

This has been worked cut systematically only for gases. The 
ordinary Kinetic theory aaaumea either hard spherical atoms, or 
spherical or point atoms repelling one another according to a law 
depending on the distance, and combinations of such atoms. This 
theory has been built up by a few distinguished writers, each of 
whom has dealt with all the more important phenomena to be 
eiplained : — presBure, viscosity, diffusion, conduction, &c. We 
cannot, therefore, conveniently divide the subject. In addition to 
the memoirs mentioned below, the books of 0, E. Meyer, ' Theorie 
der Gase' (Breslau, 1877), pp. 338, and Biihlmanu, 'Handbuch 
d. Moch. Wiirmetheorie,' vol. ii. pp. 1-253 (Braunschweig, 1885), 
contain much original information. 

FT. Eiuetio Theory of (hues. 

426. Watbkston, J. J. Phil. Trans. 183. 1-80 (9S). On the 

physics of media composed of free and perfectly 
elastic media in a state of motion. This paper was 
written in IS45, but not published, and consequently 
exei-cised no influence ou the work of Clausing, 
Maxwell, &c., much of whose work it anticipated. 

427. CiATiBniB. Pogg. 100. 353-380 (67). 

428. . Pogg. 106. 239-258 (58). 

429. . Pogg. 116. 1-56 (6f). 

These form Nos. 14, 15, and 16 in Part ii. of the Collected 
Papers (Ist edit,, 1867). They calculate the principal quan- 
tities involved in the theory — pressure, free path, Ac,, but 
on the assumption of equal speed in all the molecules, but 
directions of motion uniformly distributed. 

430. Maxwell. Phil. Mag. (4) 19. 19-32 (ffO); 20. 21-37 (60). 

Maxwell's Collected Papers, vol. i. pp. 377-409. 
Hard spherical theory : introduction of the " pro- 
babUity ' distribution of speed in the molecules. 
Viecoeity : diffusion : outline of general theory. 
(Some of his deductions, however, are not strict.) 

431. . Phil. Trans. 157. 49-88 (67); or Phil. Mag. (4) 35. 
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129-145, 185-217 (68). Collected PuperB, H. 26-78. 
Theory based on the law of the inverse Gfth power. 
Viscosity, diffusion, conductivity. See note on it by 

432. BoLTZMAHN, Wien. Ber. 66. 213-219 (72). 

433. Maiwbll. Collected Papers, ii. 713-741; or more briefly in 

Phil. Mag. (5) 14. 299-312 (52). On Boltzmann's 
theorem of distribution of energy in a system of 
material points. 

434. Stefak. Wien. Ber. 47. 81-97, 326-^5 (6S). General 

remarks ou the theory of gases ; pressure, conduc- 
tivity. 

435. . Wien. Ber. 63. 63-124 (71). General theory of dif- 

fusion of gases : application to particular cases, ajid 
calculation of coefficients. 

436. . Wien. Ber. 65. 323-363 (72). Theory of diffusion 

and viscosity, 

437. Meths, O. E. Pogg. 125. 177-209, 401-420, 564-599 (6S). 

438. . Pogg. 187. 253-281, 353-382 (66). 

439. . Pogg. 143. 14-26 (?/). 

440. . Pogg. 148. 1-44, 203-236, 526-555 (TS). 

Theory of viscosity of gases ; theory of methods for 

determining it : and results. This work is included in 

Meyer's 'Kinetische theorie der Oase.' 

The results of Meyer's papers are contained in his book, 

referred to above, which also gives an account of the 

literature, generally, up to dat« of publication. 

Boltzmann has worked out the theory of gases sysfe- 
iaaticaUy,'paying special attention to the conditions of 
equilibrium of the molecules and the law of distribution of 
velocities. See : — 

441. BoLTZMABN. Wien. Ber. 68. 882-690 (67). Number of 

atoms m the molecule and internal energy of gases. 

442. . (General theory.) Wien. Ber. B8. 517-560 (68). 

Equilibrium of kinetic energy between mat«rial 
moving points. 

443. , Wien. Ber. 58. 1035-1044 (68). Mathematical iiole 

to the preceding. 

444. . Wien. Ber. 63. 379-418 (71). Equilibrium of poly- 

atomic molecules. 

445. . Wien.Ber. 63. 679-711 (7i). General law of thermal 

equilibrium. 

446. . Wieu. Ber. 66. 275-370 (7^). Further studies on 

thermal equilibrium. 

447. . Wien. Ber. 72. 427-457 (76). Thermal equilibrium 

and external forces. 
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448. BoiraHANS. Wien. Ber. 74. 553-560 (77). Note on. dis- 

tribution or energy la tlie molecule. 

449. . Wien. Ber. 84. 136-145 (SO), Note on theory of 

equilibrium. 

450. . Wien. Ber. 95. 153-164 (87). Correction to theory 

of equilibrium. 

451. . (Viscosity.) Wien. Ber. 81. 117-158 (80). Theory 

of viscosity. Evaluation of constant: references ta 
literature. 

•452. . Wien. Ber. 84. 40-135 (5^). Theory of viscosity. 

Evaluation of constant : references to literature. 

453. . Wien. Ber. 84. 1230-1263 (88). Theory of viscosity. 

Evaluation of constant : references to literature. 

454. . {Diffusion.) Wien. Ber. 83. 63-99 (83). Diffusion : 

theory : review of experiments : references. 

455. . Wien. Ber. 88. 835-860 (83). Diffusion : theory : 

review of experiments : references. 

456. . (Conductivity.) Wien. Ber. 78. 458-470 (76); or 

Po^. 167. 457-^69 (76). Conductivity of gases t 
distinction between transfer of translationai and 
intramolecular enei^gy. 

457. . (UTiscellaneous.) Wien. Ber. 76. 62-100 (77). On 

meaning of the second law and other points. 

458. . Wien. Ber. 78. 7-46 (79). Second law and equili- 

brium of a heavy gas. 

459. . Wien. Ber. 78. 733-763 (79). Second law and dif- 

fusion, 

460. . Wien. Ber. 89. 714-722 (84) ; or Wied. 34. 37^4 

(85). Possibility of a kinetic theory baaed on 
attractive forces OBly. 

461. Tatt. Trans. B. S. E. 33. 65-95 (86). 

462. . Trans. E. S. E. 33. 251-277 (86). 

463. . Trans. E. S. E. 35. 1029-1041 (90). 

404. . Trans. E. 8. E. 36. 257-272 (91). 

On the foundations of the kinetic theory. Chiefly 
on the Maxwell-Boltzmann hypothesis of distribution. 

There have been interesling discussions on points in the 
kinetic theory, lattJy, in 'Nature' and the 'Philosophical 
Magazine.' See : — 

465. Tait. Phil. Mag. (5) 31. 343-349 (86). Abstract of papers 

in the Trans. B. S. E. on the Mazwell-Boltzmanii 
hypothesis. 

466. BrBBUET. Pbil. Mag. (5) 21. 481-483 (86). Note on the 

above. 
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467. Tait. Phi!. Mag. (5) 33. 141-145 (87). Further points. 

468. BoLTZMANir. Phil. Mag. (5) 23. 305-333 {87). On the 

aasumption involved in Avogadro's hypothesis [tr&QS' 
lated from Wien. Ber. 94. 613-643 (86)]. 

469. Tait. Phil. Mag. (5) 23. 433-434 (87). Note on the above. 

470. BoLTZMAHiT. Phil. Mag. (5) 25. 81-103 (88). Questions in 

the kinetic theory [transhited from Wien. Ber. 96. 
891-918 (87)']. 

471. Tait. Phil.Mag.(5)a5.172-179 (55). Eeply to Boltzmann. 

472. CuLTBBWHLL. Phil. Mag. (5) SO. 95-99 (90). On the 

attainment of the " special state" in a gas. 

473. Bdebuby. Phil. Mag. (5) 30. 298-317 (90). Law of distri- 

bution Ac. 

474. EATifJiiGH. Lord. Phil. Mag. (5) 33. 356-?59 (93). BemnrkB 

on Maxwell's investigation of Boltzmaan's theorem. 

475. Kelvin, Lord. PhU. Mag. (5) 33. 466-468 (92). Test ease 

of the Maxwell-Boltzmann hypothesis. 

476. BuBBUBT. Phil. Trans. 183. 407-422 (92). Investigation 

of law of distribution in certain cases of colliding 
bodies. 

477. Eatlkigh, Lord. Nature, 44. 499 (91). On v. d. Waals' 

virial equation. 

478. . Nature, 44. 597 (92). On v. d.Waala' virial equation. 

479. . Nature, 45- 80-82 (91). On v. d. Waala' virial equa- 

tbn. 

480. KoBTBWBG. Nature, 45. 152-154 (9i). On v. d. Waala' 

virial equation. 

481. Tait. Nature, 44. 54ft-547 (91). On v. d. Waals' virial 



482. . Nature, 44. 627-628 (9i). On v. d. Waals' virial 

equation. 

483. . Nature, 45. 199-200 (91). On v. d. Waals' virial 

equation. 

Some other recent papers of consequence arej — 

484. MAiwBLt. Phil. Trans. 170. 231-256 (79) ; or Collected 

Papers, ii. 681. Stresses due to inequality of tem- 
perature in gases. 

485. Ehynouw, 0. Phil. Trans. 170. 727-845 (79) ; or abstract 

in Nature, 19. 435-i37 (79). Experiments and 
theory on thermal transpiration : stressea due to 
inequality of temperature in gases. 

486. THOM80K, J. J. Phil Mag. (5) 18. 233-267 (8i). Chemical 

combinations of gases treated from the kinetic theory 
standpoint. 
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437. ScTHBELAND, W. Phil. Mag. (5) 22. 81-95 (56). Law of 
artraction of gas molecules. 

488. . Phil. Mag. (5) 84. 113-134 {87). Law o£ attraction 

of liquids. 

489. . Phil. Mag. (S) 24. 168-187 (87). Comparison with 

esperimental results. 

490. . Phil. Mag. (5) 27. 305-321 {89). Consideration of 

the law of inverse fourth power. 

490a. . Phil. Mag. (5) 36. 507-531 {93). Effect of 

attraction in increaaiiig the number of collisions in. 
a gas. 

491. LoBBNTZ, H. Wien. Ber. 95. 115-152 {87). Conditions of 

equilibrium of the kinetic energy of moleciJes ; 
critifism of Boltzmnnn's hypotheses; treatment of 
polyatomic molecules. 

492. Eatleigh, Lord. Phil. Mng. (5) 32. 424-445 (91). lUus- 

trations of the kiuetic theory: simplification of 
problems. 

493. NATitreON, L. "Wied. 33. 683-701 {88). Theory of imper- 

fect gases, taking into account the molecules engaged 
in collision. Definition of temperature of au im- 
perfect gas. 

494. . Wied. 34. 970-980 {88). Eate at which gases acquire 

the " special state." 

495. . Phil. Mag. {5)33.301-307(9^). General theory of 

point molecules, with a finite time of encounter. 

496. . Wied. 37. 341-352 (89). Eiplanatiou of effusion of 

gases on the kinetic theory. 

497. . Wied. 38. 288-302 {89). Kinetic theory of simple 

dissociation of gases. Or Phil. Mag. (5) 29. 18-30 
{89), (Translation in full of the above.) 

498. Jagbe, J. Wien. Ber. 99. 679-68^ {90). Calculation of 

vapour^pressure on kinetic theory. 

499. . Wien. Ber. 99. 860-869 {90). Size and velocity of 

water molecules. 
600. . Wien. Ber. 99. 1028-1035 {90). Volume of saturated 

vapour. 

501. . Wien. Ber. 100. 1233-1238 {91). Size of molecules. 

601a. . Wien. Ber. 102. 253-263 (98). Viscosity of 

liquids and mean free path. 
501 h. . Wien, Ber. 102. 483-495 {9S). Conductivity of 

liquids and diameter of molecules. 
501 c. EiOHAEZ, p. Wied. 4tt. 467-492 {93). Kinetic theory of 

polyatomic gases. 
501 d. . Wied. 48. 708-716 {9S). Theory of Dulong and 

Petit's law. 



3y Google 



W. Kinetic Theory of SoUds. 

One or two attempts at this have been made : — 
B02. Lucas, F. M^m. Sav. Strang. (2) 27. 1-15 (84). Heat-vibra- 
tions of Bolida. 

503. ScTHEBiAND, W. Phil. M^. (5) 32. 31-43, 215-225, 524- 

552 (91). ExperimeEts on variation of elasticity 
with temperature, and discussion from the point of 
view of the molecular theory. 

504. MicHAELis, G. J. Wied, 43. 6741680 (91). Molecular 

theory of elasticity of solids. 
See also " Limits of Elasticity." 

WW. Size of KoleonleB. 
See Thomson and Tait's ' Natural Philosophy,' vol. ii. Appendix 
E; also 

505. Maxwsll, J. C. Encyclopaedia Britannica, 9th edit. ; or 

Collected Papers, vol. ii. pp. 445-486, "Atom." 
Contains also a general account of the molecular 
theory. 
T. D. WAAis. ' (loc. cit. No. 88.) 

XX. Special Uolecnlar TheoTies. 
The vortex atom theory is systematically treated by 

506. Thomson, J. J. ' Motion of Vortex Eings.' Macmillan, 1S83. 

Of earlier work, see : — 

507. HhOltholtz, H. tow. Crelle, 55. 25-55 (58). On hydro- 

dynamic integrals corresponding to vortex motioD. 

508. Thomson, Sir W. Phil. Mag. (4) 34. 15-24 (67). Vortex 

atoms. 
A very original and ingenious paper may be mentioned 
here, by 

509. EETNOtDS,0. Phil. Mag. (5) 20. 469H181 (S5). "Dilatancy" 

of media composed of solid particles in contact. 

510. Thomson, Sir W. Proc. B. 8. E. 16. 693-724 (89); or 

Coll. Papers, vol. iii. p. 395. Molecular constitution 
of matter : possible grouping of " Boscovitchian " 
atoms. 

511. Kkltik, Lord. Phil. Mag. (5) 36. 414-^ (95). Elasticity 

of a crystal according to Boscoviteh. 
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Chree, 414. 
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Cooke, 173. 
Comu, A., 256. 
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Dieterici, 136, 181. 
Dixon, H.B., 187 a. 
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